SPECIFICATION 
CONTROL SYSTEM FOR VERTICAL TAKE OFF AND LAND 

(VTOL) AIRCRAFT 

[001] This application claims priority as a continuation under 35 USC § 120 to U.S. 

Patent Application No. 10/074,710, entitled "CONTROL SYSTEM FOR VERTICAL TAKE 

OFF AND LAND (VTOL) AIRCRAFT," filed February 13, 2002, now U.S. Patent No. 
6,648,268, which is hereby incorporated by reference in its entirety as if set forth herein. 

FIELD OF THE INVENTION 

[002] The present invention relates to aeronautics, and more particularly to a control 

system for a vertical take off and land (VTOL) aircraft, where the pilot may use the same 
controls to operate the vertical flight and forward flight equipment. 

BACKGROUND OF THE INVENTION 

[003] In one type of VTOL aircraft, described in U.S. Patent 4,482, 1 09 to the present 

inventor (the disclosure of which is hereby expressly incorporated by reference), jet engines are 
provided in a forward portion of the aircraft. During vertical flight, the thrust is directed 
downwardly via a cascade thrust deflector. During forward flight, the cascade thrust deflector is 
stored, outside the air stream of the thrust, within the fiiselage. 

SUMMARY OF THE INVENTION 

[004] In one aspect, the present invention provides an integrated pilot control system for 

an aircraft, such as described above, where the pilot may use the same controls for controlling 

the aircraft in both vertical and forward flight. 

[005] In one aspect, the invention is directed to a jet aircraft comprising a jet engine 

mounted in a forward portion of the aircraft; a thrust deflection assembly provided rearward of 
the jet engine, the thrust deflection assembly including a cascade and control box for deflecting 
thrust during vertical flight of the aircraft, wherein the cascade is movable between a retracted 
position and deployed positions and whereby manipulation of the cascade and control box 
controls roll, yaw and pitch of the aircraft during vertical flight ailerons for controlling roll of the 
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aircraft during forward flight; a rudder for controlling yaw of the aircraft during forward flight; 
elevators for controlling pitch of the aircraft during forward flight; a pilot control input 
apparatus, which receives pilot input regarding desired roll, yaw and pitch of the aircraft; and a 
control mixer, operatively associated with the pilot control input apparatus, for controlling the 
control box, ailerons, rudder and elevators in accordance with the desired roll, yaw and pitch of 
the aircraft, wherein the pilot uses the same control input apparatus for vertical and forward 
flight. 

[006] In another aspect, the thrust deflection assembly may include at least two control 

boxes. 

[007] In another aspect, the control box may include a plurality of vanes for controlling 

roll of the aircraft. 

[008] In another aspect, the thrust deflection assembly may include a plurality of doors, 

which cooperate with the cascade to direct thrust to the control box. 

[009] In another aspect, the thrust deflection assembly may be mounted for movement 

such that it may be selectively moved into and out of a thrust fi-om the jet engine. 

[0 1 0] In another aspect, the control mixer may be mechanically or electronically linked 

to the pilot control input apparatus. 

[Oil] In another aspect, the control mixer may be electronically linked to the pilot 

control input apparatus via a wireless or wired link. 

[012] In another aspect, the control mixer may be mechanically or electronically linked 

to the control box. 

[013] In another aspect, the control mixer may electronically linked to the control box 

via a wireless or wired link. 

[014] In another aspect, the control mixer may directly control at least one of the (i) 

control box, (ii) rudder, (iii) elevators, and (iv) ailerons. 

[015] In another aspect, the control mixer may indirectly control at least one of the (i) 

control box, (ii) rudder, (iii) elevators,' and (iv) ailerons via a servo motor. 
[016] In another aspect, during vertical flight, pitch may be controlled by rotating the 

control box around an axis perpendicular to a longitudinal axis of the aircraft. 



SAN/77920. 1 



2 



EL997090496US 



Patent 

37980.00002.CON1 

[017] In another aspect, the thrust deflection assembly may include at least two control 

boxes, and during vertical flight, yaw may be controlled by differentially moving the two control 
boxes. 

[018] In another aspect, the control mixer may further comprise a mechanical converter 

assembly, which bifurcates input from the pilot control input apparatus and is mechanically link 
to the control box and at least one of (i) the rudder, (ii) elevators, and (iii) ailerons. Further, the 
relative ratio of movement between the (i) control box and (ii) the at least one of the rudder, 
elevators and ailerons, may be adjusted by varying the mechanical converter assembly. 
[019] As used herein, "vertical flight" is defined as flight in which the cascade is in a 

non-retracted, deployed position. 

[020] As used herein, "forward flight" is defined as flight in which the cascade is in a 

retracted position. 

[021] Other aspects, objects and advantages will be apparent from the description that 

follows, including the figures and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[022] FIG. 1 illustrates a partial cross section of the forward portion of an aircraft 

employing one embodiment of the invention. 

[023] FIG. 2 illustrates a more detailed view of the thrust deflection assembly in a 

retracted state for forward flight, in accordance with one embodiment of the invention. 

[024] FIG. 3 illustrates a more detailed view of the thrust deflection assembly 

positioned so as to deflect the thrust at an angle of approximately 35 degrees to the longitudinal 

axis of the aircraft, in accordance with one embodiment of the invention. 

[025] FIG. 4 illustrates a more detailed view of the thrust deflection assembly 

positioned so as to deflect the thrust at an angle of approximately 45 degrees to the longitudinal 

axis of the aircraft, in accordance with one embodiment of the invention. 

[026] FIG. 5 illustrates a more detailed view of the thrust deflection assembly 

positioned so as to deflect the thrust at an angle of approximately 90 degrees to the longitudinal 

axis of the aircraft, in accordance with one embodiment of the invention. 
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[027] FIG. 6 illustrates a more detailed view of the thrust deflection assembly 

positioned so as to deflect the thrust at an angle of approximately lOS degrees to the longitudinal 
axis of the aircraft, in accordance with one embodiment of the invention. 
[028] FIG. 7 illustrates a perspective view of the cascade and control box, in accordance 

with one embodiment of the invention. 

[029] FIG. 8 illustrates a perspective view of a control box, in accordance with one 

embodiment of the invention. 

[030] FIG. 9 illustrates a perspective view of the thrust deflection assembly according to 

one embodiment of the invention. 

[031] FIG. 10 illustrates a control system for controlling pitch, yaw and roll of an 

aircraft in accordance with one embodiment of the invention. 

[032] FIG. 1 1 illustrates a more detailed view of a control mixer, in accordance with 

one embodiment of the invention. 

[033] FIG. 12 illustrates a mechanism for controlling pitch, in accordance with one 

embodiment of the invention. 

[034] FIG. 13 illustrates a mechanism for controlling roll, in accordance with one 

embodiment of the invention. 

[035] FIG. 14 illustrates a mechanism for controlling yaw, in accordance with one 

embodiment of the invention. 
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DETAILED DESCRIPTION 

[036] As shown in Fig. 1, an aircraft 100, according to one embodiment of the 

invention, may have at least one jet engine 10 mounted in its forward portion. The jet engine 10 
may draw air from a suction aperture 12 formed in the nose of aircraft 100. The air stream 
leaving the jet engine 10, referred to herein as the thrust, is directed toward a thrust deflection 
assembly 200, described in more detail below. In forward flight, the thrust deflection assembly 
200 directs the thrust generally parallel to the longitudinal axis of the aircraft. In vertical flight, 
however, the thrust deflection assembly 200 deflects the thrust downward fi-om the longitudinal 
axis of the aircraft 1 00. 

[037] Fig. 2 illustrates a more detailed view of the thrust deflection assembly 200 in a 

retracted state for forward flight. In one embodiment, the thrust deflection assembly 200 
includes a pair of movable doors 202 and 204, a cascade 206 and a control box 208. Thrust 300, 
exiting jet engine 10 (not shown), is directed so as to bypass the deflection assembly 200 in this 
figure. The cascade 206 and/or control box 208 are movable between a retracted position and 
deployed positions (see, e.g., Figs. 3-6). Any suitable apparatus, such as a mechanical lever or 
hydraulic actuator, may be used to accomplish this. 

[038] As shown in Figs. 3-6, in certain types of flight, at least a portion of the thrust 

300 is deflected by the thrust deflection assembly 200. For example, in Fig. 3, the thrust is 
deflected at approximately 35 degrees to the longitudinal axis of the aircraft. To accomplish this, 
doors 200 and 204 are moved so as to direct a portion 300" of the thrust 300 towards the cascade 
206, which deflects the thrust 300" through the control box 208, As explained in more detail 
below, the control box 208 may be manipulated to control the pitch, yaw and roll of the aircraft 
in vertical flight. Figs. 4-6 illustrate the positioning of the thrust deflection assembly 200, where 
the thrust 300 is deflected at approximately 45, 90 and 105 degrees to the longitudinal axis, 
respectively. As may be appreciated from these figures, as the deflection angle increases 
towards 90 degrees the portion 300" of the thrust 300 increases until all or substantially all of the 
thrust is passed through the thrust deflection assembly 200. For hovering flight, the aircraft 100 
may use the arrangement of Fig, 5. 

[039] Fig. 7 illustrates a more detailed view of the cascade 206 and control box 208. As 

may be seen from this figure, the cascade 206 has a plurality of louvers 206a for directing the 
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flow of thrust 300" therethrough. Moreover, control box 208, attached to the cascade 206, has a 
plurality of vanes 208a provided therein. As shown in Fig. 8, the vanes 208a may be hinged for 
movement around pivots 208b. Fig. 9 illustrates a perspective view of the thrust deflection 
assembly 200 according to one embodiment of the invention. 

[040] During forward flight, the pilot may control the pitch, roll and yaw of the aircraft 

primarily through the conventional control elements (e.g., the rudder, elevators and ailerons). 
However, as explained in more detail below, during vertical flight the pilot may control the pitch, 
roll and yaw of the aircraft primarily through the thrust deflection assembly 200. 
[041] Specifically, the control system for the aircraft may be seen in Fig. 10. First, it 

should be noted that in a preferred embodiment of the invention, two cascades 206 and two 
control boxes 208 are provided. Preferably, each set is associated with a separate jet engine. 
[042] As shown in Fig. 10, a pilot control input apparatus 102 may include conventional 

pilot input devices such as stick 104 and rudder pedals 106. The pilot control input apparatus 
102 may be operatively associated with a control mixer 108 (shown in more detail in Fig. 1 1). 
For example, the pilot control input apparatus 102 may be mechanically linked to the control 
mixer 108. Alternatively, an electronic link (wired or wireless) may be used. The control mixer 
108 may be operatively associated with each of the rudder 110, elevators 1 12, ailerons 1 14,and 
control box 208. Again, the link may be mechanical or electronic. In the embodiments shown, a 
mechanical link is used. Moreover, the control mixer 108 may directly control the rudder 110, 
elevators 1 12, ailerons 1 14, and control box 208 or may control servo motors or other apparatus 
that in tum directly control any one or all of these items. 

[043] Fig. 1 1 shows a more detailed view of one embodiment of the control mixer 108. 

As illustrated a mechanical converter assembly 1 16 is used to bifiircate the input from 102 so as 
to provide controls for the forward flight devices (1 10, 1 12 and 1 14) and the vertical flight 
devices (208). The relative ratio of movement between the forward flight devices and vertical 
flight devices may be controlled by setting the pin positions of the links in assembly 1 16. 
[044] The control of the pitch, yaw and roll of the aircraft will now be explained. 

[045] Fig. 12 illustrates the mechanism for controlling pitch according to one 

embodiment of the invention. During forward flight, the pitch may be controlled primarily via 
the elevators 1 12. In vertical flight, pitch may be controlled by rotating the control box 208 
about an axis perpendicular to the longitudinal axis of the aircraft. As shown in Fig. 12, when 
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the control box 208 is rotated into the position shown in 208*, the aircraft will pitch up, whereas 
when the control box 208 is rotated into position 208", the aircraft will pitch down. 
[046] Fig. 13 illustrates the mechanism for controlling roll according to one 

embodiment of the invention. Right and left are reversed in the figure as it is a bottom view. 
During forward flight, roll may be controlled primarily via the ailerons 1 14. In vertical flight, 
roll may be controlled by rotation of the vanes 208a of control box 208, 
[047] Fig. 14 illustrates the mechanism for controlling yaw according to one 

embodiment of the invention. During forward flight, yaw may be controlled primarily via the 
rudder 116. In vertical flight, yaw may be controlled by differential rotation of the left and right 
control boxes 208. That is the control boxes 208 are rotated in the manner described above with 
respect to pitch; however, they are moved in the opposite directions so as to achieve the desired 
yaw. 

[048] It will be understood that the above description has been v^th respect to particular 

embodiments of the invention. While this description is fiilly capable of attaining the objects of 
the invention, it is understood that the same is merely representative of the broad scope of the 
invention envisioned, and that numerous variations of the above embodiments may be known or 
may become known or are obvious or may become obvious to one of ordinary skill in the art, 
and these variations are fully wdthin the broad scope of the invention. Accordingly, the scope of 
the invention is to be limited only by the claims appended hereto, and equivalents thereof In 
these claims, a reference to an element in the singular is not intended to mean "one and only one" 
unless explicitly stated. Rather, the same is intended to mean "one or more". All structural and 
ftmctional equivalents to the elements of the above-described preferred embodiment that are 
known or later become known to those of ordinary skill in the art are expressly incorporated 
herein by reference and are intended to be encompassed by the present claims. Moreover, it is 
not necessary for an apparatus or method to address any or every problem sought to be solved by 
the present invention for it to be encompassed by the present claims. Furthermore, no element, 
component, or method step in the present invention is intended to be dedicated to the public 
regardless of whether the element, component, or method step is explicitly recited in the claims. 
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